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1. I N T R O D U C T I O N  

T h i s  p a p e r  i s  w r i t t e n  i n  s u p p o r t  of t h e  o b j e c t i v e s  
of t h e  9 t h  P a s s i v e  Microwave Team Meet ing,  MSC, Houston,  
F e b r u a r y  29 - March 1, 1968. 
are a )  t o  d e f i n e  t h e  r o l e  of p a s s i v e  microwave s e n s i n g  i n  
t h e  u s e r  d i s c i p l i n e s  of Meteorology and E a r t h  Resources  ; 
b )  t o  d i s c u s s  e x i s t i n g  systems and s e n s i n g  c a p a b i l i t i e s  and 
c )  t o  s u g g e s t  a microwave s e n s o r  complement f o r  immediate 
and f u t u r e  u s e  i n  low and h i g h  f l y i n g  a i r c r a f t .  

The o b j e c t i v e s  of t h i s  mee t ing  

P a s s i v e  microwave r a d i o m e t e r s  and a 9 Ghz, ( A u t o n e t i c s )  
microwave imager  have  been  p a r t  o f  t h e  E a r t h  Resources  s e n s o r  
package  onboard NASA a i r c r a f t .  The equipment ,  i t e m i z e d  below,  
has been  o p e r a t e d ,  more or l e s s  s u c c e s s f u l l y ,  t o  measure t e s t  
s i t e  f e a t u r e s  of i n t e r e s t  t o  s c i e n t i s t s  and u s e r  a g e n c i e s .  The 
m a j o r  problem which had t o  be overcome w i t h  t h e  MR 6 2  and MR 6 4  
r a d i o m e t e r s  was data h a n d l i n g  and i n t e r p r e t a t i o n .  The A u t o n e t i c s  
imag ing  sys t em used  has n o t  produced any s a t i s f a c t o r y  imagery .  

s e l e c t i o n  s o  as t o  o p t i m i z e  the  v a l u e  of microwave data  r e t u r n e d .  
I n  t h e  f o l l o w i n g ,  s e n s i n g  o b j e c t i v e s  and equipment  a v a i l a b l e  w i l l  
be d i s c u s s e d  i n  d e t a i l .  

S e v e r a l  r a d i o m e t e r s  and  imagers  a r e  a v a i l a b l e  f o r  

2 .  OBJECTIVES AND REQUIREMENTS OF PASSIVE MICROWAVE SENSING 

A .  Meteorology 

Major m e t e o r o l o g i c a l  p a s s i v e  microwave a p p l i c a t i o n s  d e a l  
w i t h  t h e  s t u d y  o f  g l o b a l  a tmosphe r i c  s t r u c t u r e  and w i t h  l ower  
a t m o s p h e r i c  boundary c o n d i t i o n s .  A s p e c i f i c  i t e m  of s t u d y  i s  
a t m o s p h e r i c  t e m p e r a t u r e ,  a p p l y i n g  r a d i a n c e  i n v e r s i o n  t e c h n i q u e s  
i n  f r i n g e  zones o f  oxygen a b s o r p t i o n  bands a t  50-55 Ghz; c loud  
t o p  t e m p e r a t u r e s ,  c l o u d  w a t e r ,  p r e c i p i t a t i o n ,  r o u g h n e s s ,  s o i l  
m o i s t u r e ,  s u r f a c e  water ,  and i c e  and/or  snow burden ,  u s i n g  t h e  
r a d i a n c e  a t  19 Ghz coupled  wi th  s c a n n i n g  c a p a b i l i t i e s .  

B .  E a r t h  Resources  

The m a j o r  e a r t h  r e s o u r c e s  p a s s i v e  microwave a p p l i c a t i o n  t o  
da te  i s  t h e  d e l i n e a t i o n  of s e a / i c e  i n t e r f a c e s ,  s e a  s t a t e ,  p r e c i p i -  
t a t i n g  c l o u d s ,  water /snow/land i n t e r f a c e s ,  s u r f a c e  roughness ,  and 
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c o m p o s i t i o n a l  mapping. Other  a p p l i c a t i o n s  are t h e  d e t e r m i n a t i o n  
o f  l a n d  use ,  snow and g l a c i e r  i n v e n t o r y ,  m a j o r  c r o p  and f o r e s t  
i n v e n t o r y ,  and s o i l  c l a s s i f i c a t i o n .  I n s t r u m e n t a t i o n  used  f o r  
these purposes  i n c l u d e s  19.35 Ghz s c a n n i n g  r a d i o m e t e r s  and 
s e n s o r s  i n  t he  0 . 4  t o  95 Ghz r a n g e .  

C .  SENSING REQUIREMENTS 

The maj'or r e q u i r e m e n t s  i n  Meteorology are f o r  h i g h  
a c c u r a c y  i n  Kelv in  t e m p e r a t u r e  d e t e r m i n a t i o n  w i t h  l i m i t e d  
r e s o l u t i o n ,  w h i l e  i n  E a r t h  Resources  a r e a l  r e s o l u t i o n  r e q u i r e -  
ments  are most c r i t i c a l .  I n s t r u m e n t s  such  as t h e  S t a e l i n  
Microwave Tempera ture  Sounder (S- lOQ) ,  o p e r a t i n g  from o r b i t a l  
a l t i t u d e ,  would m o n i t o r  t e m p e r a t u r e  l e v e l s  at  4 and 1 0  km a l t i t u d e  
o v e r  a swath wid th  c o r r e s p o n d i n g  t o  50 nm on t h e  ground.  I n s t r u -  
ments  such  as t h e  Thaddeus Scann ing  Microwave Radiometer  (S -075)  
would t y p i c a l l y  c o v e r  a swath o f  335 nm from o r b i t a l  a l t i t u d e ,  
w i t h  a r e s o l u t i o n  of  8x7 nm. Such large r e s o l u t i o n  c e l l s  would b e  
a s e r i o u s  l i m i t a t i o n  t o  Earth Resources  a p p l i c a t i o n s ,  and t h e  
i n c r e a s e  o f  ground r e s o l u t i o n  must b e  p o i n t e d  o u t  as a ma jo r  R&D 
g o a l .  Such i n c r e a s e  can be accompl ished  by a )  c h o i c e  o f  a s h o r t e r  
o p e r a t i n g  wave leng th ,  o r  b )  i n c r e a s e  i n  a n t e n n a  s i z e .  The problems 
r e l a t ed  t o  t h e  development o f  p a s s i v e  microwave t echno logy  f o r  
a p p l i c a t i o n  i n  E a r t h  Resources  s e n s i n g  s h o u l d  be g i v e n  c o n s i d e r a b l e  
a t t e n t i o n  by such  N A S A  c e n t e r s  as MSC and p o s s i b l y  ERC and GSFC. 

3. EXISTING PASSIVE MICROWAVE SYSTEMS 

A.  NASA Opera t ed  Sys tems 

MR 62 and MR 64 

The NASA E a r t h  Resources  a i r c r a f t  has s o  fa r  f lown 
s u c c e s s f u l l y  two microwave i n s t r u m e n t s ,  which are t h e  MR 62 and 
MR 64 r a d i o m e t e r s .  I n  a d d i t i o n ,  a s c a n n i n g  r a d i o m e t e r  b u i l t  by 
Space Genera l  Corp. t o  t h e  s p e c i f i c a t i o n s  of GSFC f o r  m e t e o r o l o g i c a l  
s t u d i e s  d u r i n g  t h e  Nimbus se r ies  was f lown onboard t h e  Convai r  990 
o p e r a t e d  by NASA o u t  of  ARC. T h i s  i n s t r u m e n t  i s  g e n e r a l l y  known 
as t h e  Thaddeus imager. The NASA i n s t r u m e n t s  j u s t  descr ibed  have 
o p e r a t i n g  c h a r a c t e r i s t i c s  as o u t l i n e d  i n  T a b l e  1. 

The MR 62 and MR 6 4  i n s t r u m e n t s  were b u i l t  b y  J P L  f o r  
microwave measurements i n  p l a n e t a r y  f l y b y  m i s s i o n s  of  t h e  Mar ine r  
series d u r i n g  1962 and 1 9 6 4  r e s p e c t i v e l y .  
and 22.2 Ghz f o r  t h e  MR 62 r a d i o m e t e r  were s e l e c t e d  f o r  t h e  s t u d y  o f  
water vapor  i n  t h e  atmosphere o f  Venus. The 22.2 Ghz band i s  l o c a t e d  
i n  a water a b s o r p t i o n  band, w h i l e  t h e  1 5 . 8  Ghz band i s  l o c a t e d  o u t -  
s ide  any a b s o r p t i o n  bands .  Fo r  t h e  MR 6 4 ,  t h e  f r e q u e n c i e s  o f  34.0 
and 9 .2  Ghz were s e l e c t e d  f o r  t e m p e r a t u r e  measurements on and below 
t h e  s u r f a c e  of Mars. F o r  ea r th  s e n s i n g ,  t h e  34 .0  Ghz band i s  u s e f u l ,  
b e i n g  l o c a t e d  i n  a window between O2 and H 2 0  a b s o r p t i o n  bands .  

The f r e q u e n c i e s  o f  15 .8  
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The 9 . 2  Ghz c h a n n e l  i s  i n  a r e g i o n  of commercial  weather r a d a r  
and s u f f e r s  from i n t e r f e r e n c e .  A l l  i n  a l l ,  t h e  two i n s t r u m e n t s  
d e s i g n e d  f o r  remote s e n s i n g  on Venus and Mars h a v e ,  a f t e r  some 
m o d i f i c a t i o n s ,  done ra ther  w e l l  i n  E a r t h  Resources  s e n s i n g .  
Th i s  i s  i n d i c a t e d  i n  t h e  d a t a  sample o f  F i g u r e  1, o b t a i n e d  by  
a i r c r a f t  microwave r a d i o m e t e r  MR-62, on c h a n n e l s  15 .8  Ghz and 
2 2 . 2  Ghz, where i t  i s  seen tha t  l i t h o l o g i c  v a r i a t i o n s  and 
t e r r a i n  f e a t u r e s  such  a s  a lake ( a t  68-70 s e c . )  modify t h e  
s i g n a l  s u f f i c i e n t l y  t o  b e  i d e n t i f i a b l e .  

Nimbus (Thaddeus)  Imager  

The Nimbus ( "Thaddeus") phased  array s c a n n i n g  r a d i o -  
meter was b u i l t  by Space Genera l  C o r p o r a t i o n  f o r  s p e c i f i c  
m e t e o r o l o g i c a l  s t u d i e s ,  such as t h e  mapping o f  c l o u d  t o p  temper-  
a t u r e s  and  p r e c i p i t a t i o n  d i s t r i b u t i o n ,  f rom unmanned s p a c e c r a f t .  
The i n s t r u m e n t  has s o  f a r  n e v e r  been  used  i n  s p a c e .  It was f lown 
s u c c e s s f u l l y  onboard t h e  ARC Convai r  990 and produced  imagery  o f  
t h e  C a l i f o r n i a  c o a s t l i n e ,  t h e  c i t y  of S t .  Lou i s  and  o t h e r  p l a c e s .  
The Ke lv in  t e m p e r a t u r e  data p o i n t s  have been c o n v e r t e d  t o  a 60- 
shade c o l o r  s c a l e ,  and t h e  r e s u l t i n g  c o l o r  imagery has been 
r e p r o d u c e d  and has become wide ly  known. Some c a l i b r a t i o n  problems 
are  p r e s e n t l y  b e i n g  worked on, and t h e  Thaddeus imager  or a copy 
t h e r e o f  must be  c o n s i d e r e d  as one p o t e n t i a l l y  u s e f u l  imaging  
s y s t e m  f o r  a i r c ra f t  R&D m i s s i o n s  w i t h i n  t h e  realm of E a r t h  Resources  
r emote  s e n s i n g .  

A u t o n e t i c s  Imager 

o f  t h e  NASA a i r c r a f t  E a r t h  Resources  package has f a i l e d  t o  
p roduce  imagery o f  s u f f i c i e n t  q u a l i t y  t o  b e  u s e f u l  f o r  E a r t h  
Resources  remote  s e n s i n g .  

The A u t o n e t i c s  microwave imager  which has been a par t  

B .  OTHER MICROWAVE SYSTEMS 

G e n e r a l  

The s t a t e - o f - t h e - a r t  of  p a s s i v e  microwave s e n s i n g  has 
b e e n  compiled by Ewen (1). T a b l e  2 ,  which c o n t a i n s  a summary of  
microwave R&D e f f o r t s ,  i s  based on mater ia l  g a t h e r e d  by Dr. Ewen. 
Accord ing  t o  t h i s  table ,  m e t e o r o l o g i c a l  i n t e r e s t  c e n t e r s  i n  t h e  
2 2  Ghz r e g i o n  (H20 b a n d s ) ,  w i t h  o t h e r  a r e a s  l o c a t e d  a t  50-55 Ghz 

(02  f r i n g e ) ,  60-64 Ghz ( 0 2  f r i n g e ) ,  1 0 1  Ghz (Ozone) a n d  19  Ghz 
( c l o u d s ) .  Oceanographic  i n t e r e s t  i s  i n d i c a t e d  a t  1 0 ,  15 and 60 
Ghz. E a r t h  Resources  i n t e r e s t ,  s i g n i f i c a n t l y ,  i s  i n d i c a t e d  i n  
t h e  r e g i o n  1-300 Ghz, w i t h  i n d i v i d u a l  i n t e r e s t  a t  1 . 4 ,  9-10, 1 5 ,  
18,  1 9 ,  32 ,  34,  35, 85 and 95 Ghz. 

I n  t h e  f o l l o w i n g ,  s e v e r a l  sys t ems  of microwave s e n s i n g  
equipment  w i l l  b e  i d e n t i f i e d  which are e i t h e r  u n d e r  NASA p r o c u r e -  
ment or are p o t e n t i a l l y  a v a i l a b l e  on s h o r t  o r d e r  f o r  u s e  i n  
r emote  s e n s i n g  programs.  
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Recent  E a r t h  Resources  Procurement 

A f i v e  c h a n n e l  microwave r a d i o m e t e r  s y s t e m  i s  b e i n g  
p r o c u r r e d  by t h e  NASA E a r t h  Resources  Survey  Program f o r  u s e  i n  
t h e  Lockheed P3A a i r c r a f t .  The f r e q u e n c i e s  chosen are 1 . 4 2 ,  
10 .25 ,  22.235, 22.355, and 32 .4  Ghz. T h e r e f o r e ,  t he  o b j e c t i v e  
o f  t h e  s y s t e m  w i l l  b e  a s t u d y  o f  t h e  microwave p r o p e r t i e s  o f  
b o t h  t h e  a tmosphere  and t h e  ground.  The 1 . 4 2  and 10 .25  Ghz 
c h a n n e l s  are e x p e c t e d  t o  measure s u r f a c e  and s u b s u r f a c e  temper-  
a t u r e s ,  w h i l e  t h e  22.235,  22.255 and 32.4 Ghz channe l s  w i l l  
m o n i t o r  a t m o s p h e r i c  water c o n t e n t  and t e m p e r a t u r e .  The s y s t e m  
i s  b e i n g  b u i l t  by Space Genera l  Corp. and w i l l  b e  o p e r a t i o n a l  i n  
l a t e  1968.  I t  i s  s u i t a b l e  for o p e r a t i o n  unde r  vacuum c o n d i t i o n s .  

C o n t r a c t o r  S h e l f  I n v e n t o r i e s  
a )  Space  Genera l  

Microwave systems which have  been  b u i l t  f o r  i n h o u s e  
s t u d i e s  o r  unde r  c o n t r a c t  are  l i s t e d  i n  T a b l e  3 .  A l l  o f  t hese  
s y s t e m s  are a v a i l a b l e  as c o p i e s  w i t h i n  a t i m e  frame of about  f i v e  
months.  Also ,  Space General Corp. m a i n t a i n s  a t ruck -based  f i e l d  
u n i t  c o n t a i n i n g  boom-mounted 1 . 2 ,  1 3 . 4 ,  37 and 94 Ghz p o l a r i z e d  
r a d i o m e t e r s  and data t r a i l e r  ( F i g u r e  2 ) .  A t y p i c a l  data r e t u r n  
of t h e  13 .4  and 37 Ghz channels  i s  g i v e n  i n  F i g u r e  3. The s e n s o r s  
have  been  a p p l i e d  t o  ground water ,  s o i l  m o i s t u r e ,  compos i t ion  
and thermal s t u d i e s .  Space Genera l  has s u p p l i e d  microwave s e n s o r s  
f o r  m i l i t a r y  ground s u r v e y s ,  h igh  a l t i t u d e  n u c l e a r  b l a s t  d e t e c t i o n ,  
commercial  e x p l o r a t i o n ,  and space a p p l i c a t i o n .  

b )  S p e r r y  Microwave E l e c t r o n i c s  Company 

Microwave Systems which have been  b u i l t  b y  S p e r r y  are 
l i s t e d  i n  T a b l e  4 .  The systems i n c l u d e  t h e  A N / A A R - 3 3  r a d i o -  
me t r i c  m e c h a n i c a l l y  s c a n n i n g  s e a r c h  set  f o r  i c e b e r g s  f lown by 
t h e  U. S.  Coas t  Guard onboard a C-130 a i r c r a f t ,  and company- 
funded  50-60 Ghz m e t e o r o l o g i c a l  r a d i o m e t e r s  f o r  a t m o s p h e r i c  
t e m p e r a t u r e  s t u d i e s .  Other  no tewor thy  sys t ems  are x-band sys t ems  
and 68-70 Ghz mechan ica l ly  s c a n n i n g  microwave s u r v e i l l a n c e  s e t s  
a n d  c l a s s i f i e d  thermal r a d i a t i o n  d e t e c t o r s .  S p e r r y  has a 15  y e a r  
h i s t o r y  i n  microwave t echno logy  and s u p p o r t s  an  a c t i v e  a t m o s p h e r i c  
p h y s i c s  l a b o r a t o r y  a t  t h e  Sudbury , M a s s a c h u s e t t s ,  S p e r r y  Resea rch  
C e n t e r .  

c )  Ryan A e r o n a u t i c a l  Company 

Microwave equipment u n d e r  development  b y  t h e  company i s  
l i s t e d  i n  T a b l e  5 .  Ryan has s o  f a r  s p e c i a l i z e d  i n  a c t i v e  radar 
a n d  a l t imeter  equipment  and i s  r e c e n t l y  making an e f f o r t  t o  s u p p o r t  
t h e  E a r t h  Resources  Program. The 13 .7  and  3 1  Ghz r a d i o m e t e r s  w i l l  
be a v a i l a b l e  i n  l a t e  1968. The 1 3 . 5  Ghz imager w i l l  b e  on t h e  
market by t h e  end  o f  t he  year .  
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d) North American Aviation 

Recently, NAA has engaged in an effort to produce 
several microwave radiometers. The equipment will probably 
not be available until 1969. No firm specifications are 
available as yet. 

4. SUGGESTIONS FOR FUTURE SYSTEMS 

The review of the state of microwave technology given 
above suggests that an abundance of specialized microwave systems 
exist which so far has been used and advanced only by the meteoro- 
logical remote sensing program of NASA. Commercial Earth Resources 
interests have also explored microwave sensing, but few of such 
studies have become known. The NASA Earth Resources microwave 
sensing effort has so far lacked instrumentation designed f o r  its 
specialized task, and has made the most of planetary and other 
surplus. 

A microwave study program of earth resources from air- 
craft and spacecraft requires that the microwave properties of 
the atmosphere and its lower boundary are known. Therefore, the 
inclusion of meteorological microwave sensors in Earth Resources 
payloads is a necessity. However, it cannot be expected that a 
single radiometer or scanner tuned to monitor the net surface micro- 
wave radiation will suffice to satisfy the requirements of a number 
of earth resources disciplines and objectives. 

A multiplicity of radiometers and imagers s h o u l d  be 
considered for the study of earth resources. Because such 
disciplines as agriculture and geology are concerned with relatively 
small targets, microwave instruments must, for the present, be flown 
at relatively low aircraft altitudes to compensate for the generally 
poor resolution characteristics. It is hoped that advances in 
antenna technology will permit the same sensors to be used from 
high, p o s s i b l y  orbital altitudes. At present the effects of polar- 
ization on the information content of radiometry are being studied, 
and microwave sensor systems specialized for one user discipline 
(oceanography, geology) are 
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T a b l e  5b 

R Y A N  
-A: RYAN 13.5 GHz SCANNING RADIOMETER 
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Figure  1 

Sample of f i e l d  d a t a  o b t a i n e d  from a i r c r a f t  microwave Radiometer  
MR-62 showing an tenna  t e m p e r a t u r e s  on c h a n n e l s  15.8 Ghz and 
2 2 * 2  G h z ;  Miss ion  29, F l i g h t  3 ,  L ine  1, Run 1, E-lOO 
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FIGURE 2 - SPACE GERERAL F I E L D  EQUlPMEldT 
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